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(54) [Title of the Invention] 

A manufacturing method of high strength sintered alloy steel 
(57) [Abstract] 

[Problem to be Solved] To provide a manufacturing method of high strength sintered 
alloy steel with sufficiently and stably enhanced mechanical properties due to the 
addition of Ni. 

[Means for Solving the Problem] Raw material powder produced as a result of mixing 
Fe mixed powder made up of Fe coarse powder and Fe fine powder with Ni fine powder, 
Mo fine powder, and Mn powder is compacted to obtain a compact, the compact is next 
sintered to obtain a sintered compact, and the sintered compact is then subjected to heat 
treatment. The steel composition consists of 1.0-7.0 wt% Ni, 0.2-1.0 wt% Mo, 0.1-0.8 
wt% Mn, and 0.3-0.6 wt% C, with the balance made up of Fe and inevitable impurities; 
moreover, the average Ni concentration in the Ni enriched phase of the structure is 
controlled to be 2.5 times or greater than the average Ni concentration in the matrix 
structure. 



[Claims] 

[Claim 1] A manufacturing method of high strength sintered alloy steel, wherein high 
strength sintered alloy steel with a composition consisting of 1.0-7.0 wt% Ni, 0.2-1.0 
wt% Mo, 0.1-0.8 wt% Mn, and 0.3-0.6 wt% C, with the balance made up of Fe and 
inevitable impurities, and at the same time having an average Ni concentration in the Ni 
enriched phase of the structure of 2.5 times or greater than the average Ni concentration 
in the matrix structure, is obtained via the production of a compact by compacting raw 
material powder produced as a result of mixing Fe mixed powder made up of Fe coarse 
powder and Fe fine powder with Ni fine powder, Mo fine powder, and Mn powder; 
subsequently obtaining a sintered compact by sintering the compact, and then 
performing heat treatment on the sintered compact. 



[Detailed Description of the Invention] 
[0001] 

[Technical Field of the Invention] The present invention comprises a manufacturing 
method of high strength sintered alloy steel, and particularly relates to a method that 
makes it possible to suitably manufacture high strength sintered alloy steel for which 
higher level mechanical properties (tensile strength, fatigue strength, etc.) are required 
by regulating a mixed formation of Fe powder and a combination of the contained 
elements. 
[0002] 

[Prior Art] High strength sintered alloy steel obtained by compacting raw material 
powder into a desired shape that is to be sintered and subjected to heat treatment is used 
widely in various industries, and is particularly suited for products such as mechanical 
parts with complicated shapes, bearings, etc. With regard to the present high strength 
sintered alloy steel, demand for high strength is a tendency that is increasing more and 
more, in response to which, the incorporation of Ni into steel is a means that is well 
known. 
[0003] 

The methods of incorporating Ni into steel vary and one particular method uses 
pre-alloyed Fe powder in which solved Ni remains solid in the Fe powder. This method 
is excellent in that the Ni concentration becomes uniform when a compact is sintered, 
and furthermore, because the hardenability is favorable, a uniform martensite structure 
is easily formed after hardening, resulting in an advantageous enhancement in fatigue 
strength. However, since the compressibility of the powder deteriorates due to 
hardening of the solid solution, there have been drawbacks such as deterioration in the 
mechanical properties or slight inferiority in its toughness. As another method of 
incorporating Ni into steel, in Japanese Unexamined Patent Application Publication 
No.2-145703, a method of diffusing and sticking the elements Ni, Cu, Mo, or a 
pre-alloyed alloy fine powder of more than two kinds from among these elements onto 
the raw material powder is proposed. This method is excellent in terms of 
compressibility of the powder compared to the case in which said pre-alloyed Fe 
powder is used; however, deterioration of the compressibility due to alloy processing of 
Ni remains unavoidable; moreover, a problem of increased costs which accompany the 
required treatments of diffusing and sticking remains therein. 
[0004] 

That is, both of said methods are problematic in that they involve the deterioration of 
the compressibility of the powder caused by adding powder containing Ni, a 



characteristic which is contradictory to the purpose of enhancing steel strength. For this, 
a method with the aim of solving this problem has been proposed in Japanese Examined 
Patent Publication No. 7-45683. According to the publication, by sticking alloy powder 
containing Ni, Cu, and Mo with a grain size of 45 or smaller onto the surface of Fe 
powder via a co-melted lubricant and binder, powder that is excellent in compressibility 
is apparently obtainable. 
[0005] 

[Problem the Invention is Intended to Solve] However, with said solution it is difficult 
to diffuse Ni in the steel uniformly through the effective crushing of Ni flocculation, 
thus resulting in a problem of large variations in mechanical properties. As described, 
although adding Ni into the raw material powder is theoretically effective in the 
enhancement of steel strength, the effect has not been fully realized in reality. 
[0006] 

Therefore, the purpose of the present invention is to provide a method for suitably 
manufacturing high strength sintered alloy steel with sufficiently and stably enhanced 
mechanical properties due to the addition of Ni. 
[0007] 

[Means for Solving the Problem] 

The inventors further conducted intense research on the mixed formation of the main Fe 
powder as well as an effective method of adding Ni into the raw material powder. As a 
result, with two kinds of Fe powder distinguished in terms of their grain size, relatively 
coarse large ones and fine small ones, and further, by using raw material powder for 
which the grain size and the combination of other elements including Ni were regulated, 
high strength sintered alloy steel that showed favorable compressibility in forming a 
compact, and moreover, that was excellent in mechanical properties, was fmally 
obtained. Therefore, the present invention is based on such knowledge and is 
characterized in that high strength sintered alloy steel having a composition consisting 
of 1.0-7.0 wt% Ni, 0.2-1.0 wt% Mo, 0.1-0.8 wt% Mn, and 0.3-0.6 wt% C, with the 
balance made up of Fe and inevitable impurities, and at the same time showing an 
average Ni concentration in the Ni enriched phase of the structure of 2.5 times or more 
than the average Ni concentration in the matrix structure, is obtained via the production 
of a compact by compacting raw material powder produced as a result of mixing Fe 
mixed powder of Fe coarse powder and Fe fine powder with Ni fine powder. Mo fine 
powder, and Mn powder, subsequently obtaining a sintered compact by sintering the 
compact, and then performing heat treatment on the sintered compact. 
[0008] 



Herein, the coarse powder, fine powder, and powder in the present invention are defined. 
Coarse powder has an average grain size between 50-80 ^m, fine powder has an average 
grain size that is 20 \m or smaller, and powder is between the coarse powder and the 
fine powder with an average grain size that is larger than 20 jun but smaller than 50 \m, 
[0009] 

According to the present invention, composing Fe powder with a combination of coarse 
powder and fine powder realizes favorable compressibility when forming a compact, 
and thus, a high density product is achievable. This is due to the large decrease in the 
porosity rate resulting from the grains of Fe fine powder densely filling in the spaces 
between the grains of adjacent Fe coarse powder. Moreover, by adding Ni fine powder 
of said quantity into the raw material powder, as for the produced steel, an 
inhomogeneous structure is obtainable wherein Ni enriched phases with high hardness 
are diffused, and the structure has a large influence on fatigue properties, particularly on 
crack propagation tendencies. In other words, the Ni enriched phase is an extremely 
hard structure, and with this Ni enriched phase, crack propagation is inhibited, thus 
causing crack deflections due to the diversion and nonpropagation of cracks. As a result, 
high strength sintered alloy steel that is excellent in tensile strength and fatigue strength 
may be obtained. Furthermore, the hardness or strength may be adjusted by controlling 
the quantity of Ni fine powder added within said range. The present invention also has 
an advantage in that costs can be kept down due to compacts being obtained by simply 
compacting the raw material powder, as opposed to using special injection-molding. 
[0010] Next, a rationale for the figure limitation with regard to the quantity of said each 
element to be added and the average Ni concentration of the Ni enriched phase is given. 
Ni: 1.0-7.0 wt% 

Ni is important as an element to enhance toughness and strength; if the content is less 
than 1.0 wt%, enhancement of toughness cannot be expected. On the other hand, if 
exceeding 7.0 wt%, the strength enhancement effect is saturated. Therefore, the Ni 
content was set to be 1 .0-7.0 wt%. 
room Mo: 0.2-1.0 wt% 

Mo is an element that enhances the strengthening of a solid solution and hardenability, 
and contributes to the enhancement of mechanical properties by finely processing 
crystal grains; if the content is less than 0.2 wt% these effects cannot be expected. On 
the other hand, exceeding 1.0 wt% will saturate the strength enhancement effect. 
Therefore, the Mo content was set to be 0.2-1 .0 wt%. 
TOO 121 Mn: 0.1-0.8 vyt% 

Mn acts to enhance strength by increasing hardenability. If Mn is less than 0.1 wt%. 



enhancement of hardenability cannot be expected; however, exceeding 0.8 wt% will 
cause a deterioration in toughness. Therefore, Mn was set to be 0.1-0.8 wt%. 
r00l31 C: 0.3-0,6 wt% 

C is a representative element to enhance strength; if the content is less than 0.3 wt%, the 
strength enhancement effect cannot be expected. On the other hand, if C exceeds 0.6 
wt%, the excess C precipitates and inhibits strength enhancement. Therefore, C was set 
to be 0.3-0.6 wt%. 

[0014] The average Ni concentration in the Ni enriched phase is 2.5 times or more than 
the average Ni concentration in the matrix structure . 

In the present invention, it is essential that the Ni concentration in the Ni enriched phase 
be higher than the Ni concentration in the matrix structure for generating an 
inhomogeneous structure; if a figure of 2.5 times or more is maintained, a clear 
difference in hardness between the Ni enriched phase and the matrix structure which 
serves as a hardness gradient may be realized. The inventors conducted a hardness test 
with various heat treatment temperatures on the steel of the present invention into which 
Ni fine powder is added at 2%, and when the Ni concentration of the Ni enriched phase 
was 5-15 %, it was acknowledged that a clear hardness gradient between the Ni 
enriched phase and the matrix structure was generated, and the Ni concentration of the 
matrix structure thereof was approximately 1/2.5 of the Ni concentration in the Ni 
enriched phase. Hence, the present invention is characterized in that the average Ni 
concentration in the Ni enriched phase is 2.5 times or more than the average Ni 
concentration in the matrix structure. 

[0015] Further, in the present invention, designating the weight ratio between Fe coarse 
powder and Fe fine powder in said Fe mixed powder as Fe coarse powder : Fe fine 
powder = 5-9 : 5-1 is regarded as a preferred formation. An excessive amount of Fe 
coarse powder will increase the porosity rate, thus lowering the density; on the other 
hand, an excessive amount of Fe fine powder will lower the fluidity or compressibility 
when compacting powder. By designating the ratio as coarse powder : Fe fine powder = 
5-9 : 5-1, the grains of Fe fine powder densely fill in the spaces between the grains of 
adjacent Fe coarse powder and, as a result, the porosity rate is largely reduced, thus 
achieving high density while at the same time maintaining favorable compressibility. 
[0016] Moreover, in the present invention, controlling the Ms point (martensite 

transformation start point) obtained by the following formula (1) at 100-300 **C as well 

as controlling the average Ni concentration in the Ni enriched phase in the structure to 
be 5-15 % is regarded as a preferred formation. 



MsCC)=(823-36l(C wt%)-39{Mn wt%)-5(Mo wi%)-l 7{Ni wl% of a Ni enriched phase))-273 — (0 
[0017] The Ms point is an important temperature point to generate martensite during 
cooling in the heat treatment (tempering) process. Regarding the Ms point, as the 
temperature goes down, the generated quantity of martensite decreases, thus making it 

ideal to set the temperature as high as possible; however, if it goes beyond 300 °C, the 

Ni quantity in the Ni enriched phase decreases and enhancement of the mechanical 

properties cannot be expected. On the other hand, if the Ms point is less than 0 °C, the 

generated quantity of martensite decreases, the quantity of remaining austenite increases, 
and enhancement of the mechanical properties cannot be expected. The Ni 
concentration in the Ni enriched phase is closely related to the Ms point in that if the Ni 

concentration is less than 5 %, the Ms point goes beyond 300 ^'C, but if the Ni 

concentration goes beyond 1 5 %, the Ms point falls below 100 °C. 

[0018] Furthermore, in the present invention, controlling the average hardness of the Ni 
enriched phase to be harder than the matrix structure and the hardness gradient obtained 
by the following formula (2) to be 30-200 in terms of Hv hardness, is regarded as a 
preferred formation. 

Hardness gradient {AHv)=(Hv hardness of a Ni enriched phase)-(Hv hardness of the matrix structure) --(2) 

As described, by controlling the hardness gradient of the Ni enriched phase and matrix 
structure, said inhomogeneous structure may be maintained. The hardness gradient may 
be controlled by the Ni concentration in the Ni enriched phase and, moreover, by the 
quantity of Ni added. 
[0019] 

[Embodiment] Hereinafter, the present invention is further explained in detail based on 
concrete embodiments. 

FEmbodiment 1] Fe coarse powder + Fe fine powden Ni 2% 

Atomized Fe powder (grain size: 53-74 nm) classified by 300-200 mesh and Carbonyl 
Fe powder (average grain size: 5 ^m) were mixed at a weight ratio of 7:3 to obtain Fe 
powder. Into the Fe powder, Carbonyl Ni fine powder (average grain size: 5 ^im), Mo 
fine powder (average grain size: 5\im or smaller), Fe Mn powder (average grain size: 
20-40 ^m) and C (granite) powder were mixed so as to obtain the composition Ni: 2 
wt%, Mo: 0.5 wt%, Mn: 0.2 wt%, and C: 0.4 wt%. Furthermore, into the mixed powder, 
0.75 wt% of zinc stearate powder was mixed as a lubricant to obtain the raw material 



powder of Embodiment 1 . Next, after adding an appropriate amount of methyl alcohol 
solution into the raw material powder as a lubricant, the raw material powder was filled 
into a die and pressure of 686 Mpa was applied to form a compact. Next, in a heating 
furnace with a controlled mixed gas atmosphere of hydrogen and nitrogen, the compact 

was heated to be sintered for 60 minutes at 125 °C and then furnace-cooled. Next, after 
a 30-minute solution treatment under an argon gas atmosphere at 900 °C, the compact 

was thrown into oil for hardening, and in the same atmosphere at 200 **C, tempering was 

performed for 60 minutes. As a result, the steel in Embodiment 1 was obtained. 
[Embodiment 2] Fe coarse powder + Fe fine powden Ni 6 % 

With the exception that the Ni content was changed to 6 wt%, the steel in Embodiment 
2 was obtained in the same manner as in Embodiment I. 
[0020] [Comparative Example 1] Fe coarse powden Ni 2 % 

With the exception that atomized Fe powder (grain size: 74 ^im or smaller) classified by 
-200 mesh was solely used, the steel in Comparative Example 1 was obtained in the 
same manner as in Embodiment 1 . 
[Comparative Example 21 Forging without heat treatment 

With the exception of a forging treatment being conducted after sintering, the steel in 
Comparative Example 2 was obtained by performing the same heat treatment as in 
Embodiment I. The specifications of Fe powder and Nickel powder in each 
embodiment and each comparative example above are shown in Table 1, and the 
composition of each element in Table 2. 



[0021] [Table 1] 





Component (wt%) 


Ni 


Mo 


Mn 


C 


Fe 


Embodiment 1, 
Comparative Example 1, 2 


2.0 


0.5 


0.2 


0.4 


Bal 


Embodiment 2 


6.0 


0.5 


0.2 


0.4 


Bal 



[0022] (Table 2] 





Fe powder 


Ni 

Fine powder 




Coarse powder 


Fine powder 


Embodiment 1, 2 


Atomized Fe powder 


Carbonyl Fe powder 


Carbonyl Ni powder 



Comparative example 
2 


Grain size 
53-74 \im 


Average grain size 
5^m 


Average grain size 
5^m 


Comparative example 
1 


Atomized Fe powder 
Average grain size 

74 |im 




Carbonyl Ni powder 
Average grain size 

5^m 



[0023] A. Mechanical properties, hardness, etc . 

Regarding the embodiments and each comparative example above, a tensile test and a 
fatigue test were conducted to examine the mechanical properties. Furthermore, the 
hardness gradient was calculated by examining the relative density and the hardness of 
the Ni enriched phase and the matrix structure. The results are shown in Table 3. 



[0024; 


[Table 3] 




Tensile 


Fatigue 


Durability 


Elongation 


Relative 


Hardness (Hv) 


Hardness 




strength 


strength 


limit rate 


(%) 


density 


R 


M 


gradient 




(Mpa) 


(Mpa) 


(R) 




(%) 






(AHv) 


Emb.l 


1400 


410 


0.29 


2 


94 


665 


615 


50 


Emb.2 


1770 


438 


0.25 


9 


96 


672 


638 


34 


Comp. 


1300 


360 


0.28 


2 


91 


662 


575 


87 


E.l 


















Comp. 


816 


446 


0.55 


9 


99 


241 


0 


E.2 



















* "R" in hardness is the hardness of the Ni enriched phase, "M" is the hardness of the matrix 
structure 



[0025] According to Table 3, the hardness gradient of the steel in each embodiment 
based on the present invention is larger compared to the comparative examples, 
particularly proving the excellent tensile strength with respect to the mechanical 
properties. It has been ascertained that due to the large hardness gradient, 
inhomogeneous structures were generated and actions inhibiting crack propagation were 
fully promoted, thus enhancing the mechanical properties. Furthermore, in Comparative 
Example 2, since forging was performed after sintering, the structures were kneaded and, 
as a result, a Ni enriched phase was not generated. Therefore, the hardness and tensile 
strength became considerably lower compared to the rest. 
[0026] B. An observation of the metallic structure 

Next, with regard to the steel in the above Embodiment 1 and Comparative Example 1, 



the internal structures were examined with a microscope. Figure 1 and Figure 2 
respectively are photomicrographs showing the internal structure of each steel in 
Embodiment I and Comparative Example I. In both, the matrix structure indicated by B 
is observed as a tempered martensite structure leaving the Ni enriched phase, indicated 
by the white area A, therein. However, it is understood that the Ni enriched phases in 
Embodiment 1 are smaller than those in Comparative Example 1 and are diffused in 
large numbers, making it more likely to inhibit crack propagation and resulting in 
enhancement of the steel strength. 

[0027] Figure 3 and Figure 4 respectively are photomicrographs showing the fatigue 
crack propagation routes of each steel in Embodiment 1 and Comparative Example 1, 
with the black areas on the left side in the photographs being cracks. From these figures, 
the difference in fatigue crack propagation depending on the inhomogeneous structure is 
clear. That is, in Figure 3, the fatigue crack routes are propagating as if diverting the Ni 
enriched phases, indicating that a large amount of energy has been used for crack 
propagation. On the other hand, in Figure 4, although Ni enriched phases are observed, 
they are small in terms of quantity and size, and thus have little effect in preventing the 
cracks from propagating. Accordingly, in Figure 4, the cracks are likely to propagate 
easily through matrix structures which are easily broken. From this, it is clear that the 
structure shown in Figure 3 has higher strength compared to Figure 4. 
[0028] 

[Effect of the Invention] As explained, in the present invention, for producing high 
strength sintered alloy steel, composing Fe powder that is to be the main raw material 
powder with a combination of coarse powder and fine powder, and further regulating 
the composition of Ni along with other elements and the size of the powder accordingly, 
result in an effect of suitably manufacturing high strength sintered alloy steel that is 
excellent in mechanical properties such as tensile strength, fatigue strength, etc. 
[Brief Description of the Drawings] 

[Figure 1] A photomicrograph showing the internal structure of an embodiment of the 
present invention 

[Figure 2] A photomicrograph showing the intemal structure of a comparative example 
[Figure 3] A photomicrograph showing fatigue crack propagation routes of an 
embodiment of the present invention 

[Figure 4] A photomicrograph showing fatigue crack propagation routes of a 
comparative example 

[Figure 1] A photograph substituting a drawing 



[Figure 2] A photograph substituting a drawing 
[Figure 3] A photograph substituting a drawing 
[Figure 3] A photograph substituting a drawing 
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